Software Defined Services (SDS) For High Performance
Large Scale Science Data Streams Across 100 Gbps

WANSs

Joe Mambretti, Director, (j-mambretti@northwestern.edu)
International Center for Advanced Internet Research (www.icair.orq)
Northwestern University
Director, Metropolitan Research and Education Network (www.mren.orq)
Director, StarLight, Pl StarLight SDX,Co-Pl Chameleon, PI-iGENI, PI-
OMNINet (www.startap.net/starlight)

The International Conference for High Performance Computing,
Networking, Storage and Analysis (SC16)
Salt Lake City, Utah
November 13-17, 2016

P
o = ‘:"'..‘-,:\__

ST “RLIGHT"



mailto:j-mambretti@nwu.edu
mailto:j-mambretti@nwu.edu
mailto:j-mambretti@nwu.edu
http://www.icair.org/
http://www.mren.org/
http://www.startap.net/starlight

GriPhyN CNEPTUNE

\_z A Fiber-Optic Telescope tp Inner Space

FE

NG Digital NEON

SySu
M N

BIOLOGICAL S5OLUTIONS
FOR ENERGY CHALLENGES

Data Intensive Science

BIRN: Biomedical
Informatics Research

: ; b | et LHCONE
Network CAMERA : CineGrid www.lhcone.net
ANDRILL: www.nbirn.net metagenomics Carbon Tracker www.cinegrid.org
ALMA Antarctic camera.calit2.net Www.esrl.noaa.gov/
ALMA: Atacama Geological gmd/ccgg/carbontrack
LargeAI\I{I:;I;meter WWWI?:I‘III(;r:igll.Org OO 0cEAN 0BSERVATORIES INITIATIVE

CYBERINFRASTRUCTURE

Providing a link between ocean research and discovery

OOI-CI
ci.oceanobservatories.org

GEON: Geosciences

ISS: International

Network
www.geongrid.org GLECI)EN: IC-I-Io_balI Lake Wwvsvp:::ass;g:’i/c;?atio e ——
cologica . . i
‘ Observatory \ RAG | A n Large Array
D@ (DZero) Stewardship System

Network Pacific Rim
Applications and
Grid Middleware

www-d0.fnal.gov

r www.class.noaa.gov

Assembly &) TeraGrid
LIGO WLCG WWwWW.pragmas
lcg.web.cern.ch/LCG/publi grid.net

www.ligo.org TeraGrid

www.teragrid.org

(=l Vg,

m Sloan Digital Sky XS E D E

IVOA: c/
Globus Alliance Survey XSEDE

International
Virtual
Observatory
www.ivoa.net
0os www.globus.org www.sdss.org www.xsede.org

- G
Q WWW.opensciencegrid.org www-skatelescope.o

Compilation By Maxine Brown ST CRLIGHT"



http://www.sdss.org/news/features/20001005.ded.html

Macro Network Science Themes

 Transition From Legacy Networks To Networks That
Take Full Advantage of IT Architecture and Technology

 Extremely Large Capacity (Multi-Tbps Streams)

 High Degrees of Communication Services
Customization

* Highly Programmable Networks

 Network Facilities As Enabling Platforms for Any Type
of Service

* Network Virtualization
* Highly Distributed Processes
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National Science Foundation’s Global
Environment for Network Innovations (GENI)

« GENIIs Funded By The National Science Foundation’s Directorate
for Computer and Information Science and Engineering (CISE)

 GENI Is a Virtual Laboratory For Exploring Future Internets At
Scale.

 GENI Is Similar To Instruments Used By Other Science Disciplines,
e.g., Astronomers — Telescopes, HEP - Synchrotrons

 GENI Creates Major Opportunities To Understand, Innovate and
Transform Global Networks and Their Interactions with Society.

« GENI Is Dynamic and Adaptive.

« GENI Opens Up New Areas of Research at the Frontiers of Network
Science and Engineering, and Increases the Opportunity for
Significant Socio-Economic Impact.
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Future Cyberinfrastructure

« Large Scale Highly Distributed Infrastructure That Can
Support Multiple Empirical Research Testbeds At Scale

 Next Generation GENI, Edge Clouds, IOT, US Ignite,
Platform for Advanced Wireless Research (PAWR) and
Many Others

* Currently Being Planned — Will Be Designed,
Implemented and Operated By Researchers for
Researchers
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National Science Foundation Global Environment for Network innovations
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International 40G and 100 G ExoGENI Testbed
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A Springer

Chapter:

Creating a Worldwide Network

For The Global Environment for Network
Innovations (GENI) and

Related Experimental Environments

1st ed. 2016, XVIII, 655 p. 216 illus., 183
illus. in color.

R. McGeer, M. Berman, C. Elliott, R. Ricci (Eds.)
The GENI Book

This book, edited by four of the leaders of the National Science Foundation's Global
Environment and Network Innovations (GENI) project, gives the reader a tour of the
history, architecture, future, and applications of GENI. Built over the past decade by
hundreds of leading computer scientists and engineers, GENI is a nationwide network
used daily by thousands of computer scientists to explore the next Cloud and Internet and
the applications and services they enable, which will transform our communities and our
lives. Since by design it runs on existing computing and networking equipment and over
the standard commodity Internet, it is poised for explosive growth and transformational

impact over the next five years.
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IGENI: The International GENI

- The iGENI Initiative Will Design, Develop, Implement, and
Operate a Major New National and International Distributed
Infrastructure.

« IGENI Will Place the “G” in GENI Making GENI Truly Global.

« iGENI Will Be a Unique Distributed Infrastructure Supporting
Research and Development for Next-Generation Network
Communication Services and Technologies.

« This Infrastructure Will Be Integrated With Current and Planned
GENI Resources, and Operated for Use by GENI Researchers
Conducting Experiments that Involve Multiple Aggregates At
Multiple Sites.

* iGENI Infrastructure Will Connect Its Resources With Current
GENI National Backbone Transport Resources, With Current
and Planned GENI Regional Transport Resources, and With
International Research Networks and Projects,
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The Global Lambda Integrated Facility: a Global
Programmable Resource
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SDX StarLight&NetherLight

i iw - - oy - y I ‘
ST#RLIGHT"  StarLight, Chicago 1CAIR MET NetherLight, Amsterdam N
e S S S - — A
! [ ! i
| 1 I |
I ESnet Tasthad Network | I I
' ! | _ GEANT cEanT |
| AZLS & ESnat : I - AUIDGOLE OpanFiow CpenFlow |
I StarLight Testbad - . | ] Controller I Teatbed Testbed |
: o Esnet Testted Esnat i ' ' 1 i
| Switch = *| oscars : ! I |
| — 1 |
1 1 : | :

I InstaGENI 1 o
: r aggrazgats : ACE link | e SURFRet |
: ! — Switch " |r I > L2 switeh ﬂl.':nntl'olgﬂ :
i | —_— J StarLight Testbed i : L ) I
| 1 Morthwastern 1 - GENI | I ] I
I - Unbverzity | Apgregate ! I I I
: InataGEN Manager : i 1 N :
I # i
| canads — o ———— ——— ———— - SURFnet .
| OpenFlow 1 ! OpenFiow DTanFm :
| Testhad . 1 satbad
i (Canarie) Other OpanFlow Nelworks : : BM"?E Switch L ‘ :
I | :
1 1 I
i | : 1 ‘—[ ‘_‘ :
| i I HatherLight |
I o [ | Testoed H '
| | I OpenFiow - - [N UTwente |
I StarLignt I I o OpenFlow QpenFiow |
I Ex0GENI | ] I Testhed Tesmed :
! ! I ExnEMI
| | | | :
| I other CpenFiow NSk : ! ] 1
! ExoGENI 1 | | RUG :
: Apgragate 4 : I Caitach OpanFiow I
| = i l = e :
i : : [CERMLIght) I
| 1 |
1 1 : :
: : ' [

VirTaale

ST “RLIGHT"



100G Component of Esnet SDN Testbed
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PetaTrans: Petascale Sciences Data Transfer
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SC 16 Demonstrations of 200 Gbps Disk-to-Disk
WAN File Transfers using Parallelism across NVMe Drives
An SC16 Collaborative Initiative Among NASA and Several Partners
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SC16 SDN-WAN Demonstration End-Points
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DTN Flows@100 Gbps=>Compute Canada<~CANARIE& StarLight<+>SC16
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mdtmFTP: a high-performance data transfer tool

* Pipelined |/O-centric design to streamline data transfer

* Multicore-aware data transfer middleware (MDTM) optimizes
use of underlying multicore system

* Extremely efficient in transferring of Lots Of Small Files (LOSF)
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A DOE/SC/ASCR-sponsored research project
Software is available at: http://mdtm.fnal.gov
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mdtmFTP @ 1OOGbps Networks

_{f'“?’

Starnght '- < __,,—-,,
) Paé'iil‘:fi”e Gaic Catch
_\H— _,/‘ LDSAHQElDE F‘asauena
—— - L
Y @ il | e D | iy >3
.
EKNRL l sef set T__.f— —TENIC
. | 5 16 | Lusﬂngeles )
_.‘__._l_
m CanturyLlnk

—y
-_\)‘m q‘cus \ sc/ 5C0 (SCO SCUISC1|,5C1 5C1 T
Hm"? 8 |[‘ 0 | 2 |
|

Rnum__ e SCinat

ESnet 100G testhed
DCI AN NCSA #2501 F
7| 6 5 \4 3 2
= H =y ol
Caltech Booth #2537 - N
. — 1Tbps o
StarLight/OCC Booth #2611 ' <
g E |B \D o
1prs . \ *
|II 4 ..‘E..
Legend: "I \II 8
® 100GE Ethemet | '|| 13
Elharnemlhance UMich [ 2CRS 1 \ 5
Booth #1101 Booth #1543 Booth #3766 2
SCinet WAN Topology By Azher Mughal alTec \ g
ucsmsnsc Dell Vanderbilt
Boath #1801 Booth #3223 —




Programmable Network Measurement of Data
Intensive Flows on 100Gbps Networks

Compute Canada
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Nationwide 100 Gbps and Minimized Latency

£

€ SINETS will be a nationwide 100-Gbps backbone network using 100-Gigabit Ethernet
technology and connect each pair of nodes with a minimized latency.

SINET4 SINET5
« Star-like topology * Fully-meshed topology with redundancy
* Resource-consuming secondary circuits * Non-resource-consuming secondary paths
e Legmad Une (Primary Clrcuit) — MPLSTP Panh (Primary)
TTTTTT tleased Line (Secondary Circult) ——— MPLS-TP Pah |Secondary)

= : 100 Gbps
or more
© : SINET Nodr

National Institute of Informatics




A*STAR Singapore

« Singapore Supercomputing Center
DTN&SingAREN&®PacWavw& GRPnet&
StarLight DTN~SC16

* 50-60 Gbps
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Network Diagram for Analytics Demonstration
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Prototype SDX Bioinformatics

o Exchange: Demonstrating an
. Essential Use-Case for
Beyond Today s Internet Personalized Medicine
EKPEFIE nc'"g d Smart FUtu re Robert Grossman, Piers Nash, Allison
L - o~ . Heath, Renuka Arya
® o ° & & N . University of Chicago
t s ® 5 .
.: e . { Joe Mambretti, Jim Chen
¥ .. o LN Northwestern University
- Y
L TVI N
[ ] # " o 4 ™ !
‘ ., - % oy ' \ THE UNIVERSITY OF
e N & CHICAGO
: # : . i PIII.[LL”L‘.HR L TINIY I'-.l'l":'
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Data Commons Compute Status stop ceph-TARGET ceph-TCGA M cleversafe-TCGA

M cleversafe-TARGET




NCI Genomic Data
Commons

o
R National Cancer Institute st the National [nstitites of Health | www.cancer.gov

Available Data per Project

Site Homa | Policies | Acceasibiity | FOIA | Site Map.
us. Institute | USA.gov
NIH.. Tuming Discovery Into Health ®

L1 0.1.10-sprd © BicB163, A1 0.1.10-8prd &

« Harmonization and storage for the Nations Cancer Genomic
Data GDC 1.6PB of cancer genomic data and associated clinical
data.
%  Precision Medicine Enabled By Precision Networking

Q ST “RLIGHT"



Biomedical Data Commons:
Flow Orchestration: Control Plane + Data Plane

Data Repository A (West Coast) Data Repository B
(South)

——

Visualization Engine:
North America

Data Plane Compute Engines

(Midwest)
Control Plane

____Data Repository C (Asia) Data Repository D (Europe)
‘¥,

ST “RLIGHT"



&E(22 Bioinformatics SDXS Demo Network
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retri

“Local” Location
(University of Chicago, US)

ased Col

’erforms Compute
Remotely

ults are pushed bz
emote storage and
ARK id is assigned

isualizations are
produced locally

Source: Kevin P. Keegan, Bob
Grossman

“Remote” Location
(ASGC, Taiwan)



IRNC: RXP: StarLight SDX A Software Defined
Networking Exchange for Global Science Research and

Education

Joe Mambretti, Director, (j-mambretti@northwestern.edu)
International Center for Advanced Internet Research (www.icair.org)
Northwestern University
Director, Metropolitan Research and Education Network (www.mren.org)
Co-Director, StarLight (www.startap.net/starlight)
Pl IRNC: RXP: StarLight SDX
Co-Pl Tom DeFanti, Research Scientist, (tdefanti@soe.ucsd.edu)
California Institute for Telecommunications and Information Technology (Calit2),
University of California, San Diego
Co-Director, StarLight
Co-Pl Maxine Brown, Director, (maxine@uic.edu)
Electronic Visualization Laboratory, University of lllinois at Chicago
Co-Director, StarLight
@%’gﬁ Jim Chen, Associate Director, International Center for Advanced Internet
S Research, Northwestern University

National Science Foundation

International Research Network Connections Program
Wnrkehop

f@_ C Chicago, lllinois ST%RLIGH Tsox
i(;ﬁIR

May 15, 2015
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Another SDX Opportunity! An
c:r@meleon Experimental Testbed For

worw: chameleoncloud.org Computer Science Research

CHAMELEON:

A LARGE-SCALE, RECONFIGURABLE EXPERIMENTAL
ENVIRONMENT FOR CLOUD RESEARCH

Principal Investigator: Kate Keahey

Co-Pls: J. Mambretti, D.K. Panda, P. Rad,W. Smith, D. Stanzione

AUGUST 29, 2014 |

B Chicaco ®

SHT HW ES TERM
T HNVFRATTY
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CHAMELEON ENVIRONMENT

Switch
Standard

Cloud Unit
42 compute

4 storage

X2

To UTSA, MU, GEMI, Future Partners

SCUs connect ta

core and tull
cannected 1o each

ather

Switch

Standard
Cloud Unit

42 compute

4 starage

¥ 10
GMWEEiEU’

Core Services
Fronmt End and Data
Mower Modes

504 x86 Compute Servers
48 Dist. Storage Servers
102 Heterogeneous Servers

I 16 Mgt and Storage Modes
Chameleon Core Network ... . . Chicago
100G bps uplink public netwark Austin

leach site)

Heterogeneous
Cloud Units
Core Services Alternate Processors
3 FB Central File and Metworks
Systems, Front End
and Data Mowers
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Planned US SDX Interoperable Fabric
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Pacific Research Platform
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Next Step: Global Research Platform
Building on CENIC/Pacific Wave and GLIF
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Global Research Platform

—+ A'Emerging International Fabric
« A Specialized Globally Distributed Platform For Science
Discovery and Innovation
 Based On State-Of-the-Art-Clouds

* Interconnected With Computational Grids,
Supercomputing Centers, Specialized Instruments, et al

* Also, Based On World-Wide 100 Gbps Networks

 Leveraging Advanced Architectural Concepts, e.g.,
SDN/SDX/SDI — Science DMZs

* Ref: Demonstrations @ SC15, Austin Texas November
2015
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